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Introduction 


: A real problem of every gunnery officer afloat ie _ 
the handling of aumunition during action and even during 
peace. Especially during action, when tine cnt uapowes | 
are most precious, the factors causing cumbersome hand- 
ling methods come up for his close serutiny. Thus from 
his entirely practical eurvey, the proposal to use liquid — 
instead of solid propellants for the purpose of easing 
the shortage of time and manpower in aamunition handling 
looks attractive. The idea is not new, but very Little 
has been dene toward investigating and evaluating the pose 
sibility of using tiehia prépediants for guns. | 
Liquid propellante may help solve other gunnery prom — 
blems as well as the hancling problem. Selentifiec methods | 
are being sdonted rapidly in every phase of gunnery, but 
the transforsation of gunnery from an art into a sclence 
is only partially cowplete, teatins\ duadnde for higher 
rates of fire at higher velocities are far ahead of the | 
ability of practical gunnery to meat such demands. the 
propellant, both physically and chemically, may be the 
field where scientific study should be undertaken neste nf 
‘Much basic researeh in solid propellants is being fone, but 
little has been started in the field of liquid propellants — 


for gune. 
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The objects of this thesis ere 1) to define and out- 
line the requirements of the gun-propellant systen and 
2) to illustrate by specific application some problems “ 
arising with the use of liquid propellants. That the eroe 
 pellant handling phase may not be the only place in gunnery 
where improvement could be nade through the use of a liquid 
repellent will be ewphasized. There fis no intention of 
implying that the liquid propellant would be @ eure-all for 
practical gunnery problems, but it is believed that im 
provements are necessary and that here is s field that looks 
promising. Sines moat of the related experimental data 
are classified, only the general problem will be outlined 
here in such a way that its essential features will be 
inode apparent to any reader wishing to underteke critical 
study in this field. | | | 
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Part I. Requirements of a Gun-Propellant System 


 €eetion I. 


A gun is sinply a means to an @nd =~ 

that of imparting a desired velocity to an object, Howe 
ever, the requirements of high velocity, siechanical flexi- 
bility in elevation and urain; and rapidity of fire ake 
the modern gun un eneviresiy sonplicated machine. One of 

| the safer practical Linttabicne {6 operating thia machine 
is that of aéintaining the supply of oresectiien and pre= 
pellant to the gun during prolonged firing. The gun ie 
necessariiy a *®batech process® is $0 far as the projectile 
is concerned, but the question arises as to where the bateh 
process should start for the propellant. If a "flew pro- 
sess"® could be wapleyed for the propellant up to the final 
stage of proportioning it into the fun, Lt appears that a 
great improvement in handling efficiency eould. be realized. 
A lieuld propellent may make possible such a flow DYOCess. 

 Gome 4efinitions are needed before looking at the | 

problem more closely. These definitions are very broad so 


that ideas of conventions fetign and usage will not limit 
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or prejudice the development of thie new subject. The term 
gun is used to specify a spectal tyoe of heat dcutns Ge 
gigned to convert the stored-up chemleal energy of a pro : 
pellant into kinetic energy of a one-stroke piston. In. 
order to secomplish this sanversion of euersy the Srepel ink 
is converted in the chamber (eylinder) into high pressure 
gases which act by expansion to impart velocity to the 
piston. This piston may be a *®*free piston® a5 is the case 
when the gun fires a projectile or yooKet direotiy. However, 
as employed in the catapult the platen say be merely B | 
vehicle used to transait the velocity to the prime object, 
for instance an sirplane or rocket. From this definition 
and in torus of modern heat engines the liquid fuel cer- 
tainly seems plausible. ) re 

A propellant is a chewical system capable of decom 
position into gases at a rapid but controllable and repro- 
ducible rate. Once again this definition perzits us to 
consider Liquide 48 well as golide, although there may he 
need to investigate entirely new control methods in order 
to obtain the desired rate of gas evolution. In gunnery, 
<< present, the term propellant is rarely heard. Powder 
is the descriptive word found in common usage in such terns 
as “powder hoist", “powder case*® anid "nowder bagm. The 


powder idea ia a carry-over from the days of black nowder 
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which was initially a fine, granular charcoal powder. Toe 
day's gun propellants are rarely vowders but are insted 
solids of jefinite size and shape, designed to give a 
specific surface as a means of controlling the rate of 
gas production, The real question as whether the pro- 
pellants need to be solids. | 

The term liquid is difficult to marine eritically, 
but for the purpose of this paper a Liquid is any material 
that can be readily handled at room temperatures (plus 
or minus about 100°F) by gueh. methods as pumping, pouring, 
and atomizing. Examples of such liquids are gasoline, 


benzene, and liquid hydrogen peroxide. 


Section I 


The basic concepts above eee stated 

for the purpose of permitting the broadest possible inter- 
pretation of the gun-propellant system. However, specific 
‘requirements must be introduced before any practical | 
systen can be investigated and evaluated, 

Consider some gun requirements. As the speed of the 
| target is inereased there is @ certain point where a gun 
of a given mugzle velocity becomes useless ageinst the 


target. Tomorrows targets will certainly travel at near- 
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-gonic or super-sonic speeds and gun defense tactics against 
such targets will dictate the highest possible muznle 
velocity, held within limits by the saxiaus allowable 
pressure in the Ute The need for high velocity sets de- 

‘finite requirements for the propellant at the same tine. 
a Wore propellant enersy per pound of projectile is required 

for higher velocities. But the provellant must do expen- 
sion work to impart Wuheetty te its own wet ant as well as 
the projectile weight. To keep this non-useful work at a 
low relative value, high energy content per cound of pro} 
pellent is desirable, Returning to gun requirenents, long | 
life which depends om minimising erosion of the barrel 
caused by burning nie: ats tne metal by the hot gases, is a 
very important requirenent that is especially hard to meet 
in rapid-fire guns. Flexibility, already éentioned, must 
be accompanied by ease of servicing, siwplicity of deatgn, 
ease of loading, and serhaps most of all reproducibility 
af dipés Wet every gah will have these requirements to 
the fame degree, consider a catapult for instance, but 
evaluation of any gun-propellant system should consider 
these points among ethers. _ 

A typical list of specific requirements for solid 
propellants ist 
ao Stability during storage. 
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‘2. Absldty to withetand exposure to extrane tespera- 
tures (approximately 400°R) for a short period as in case Fa 
ofa wiefire in a hot gun. | ‘ 

Be Progressive burnitig. ae 

4e High anergy content per unlit weight. 

5. Yon-sensitivity to shone. 

6. Wonedetonating. 

Te Relatively easy and safe te handle. 

Be Not excessively erosive te the gun. 

9. Selatively easy to ignite. 

10, Snokelene. ; 

tly Flashless. ere a 

Re Reproducible ballisticaliy. 
ly We Free from excessive corrections ror: inttial ene 
erature, 
| Lés Asaptable te ee of a simple, effective yas 
seal in the gun. | - 

15. Adaptable to rapid ride 

1é. Be operable at ~hO*F, as 

AT Can be made available in large quantities: in tine | 


| of energoncy. : 
& list of specific requirements tor a Liquid propellant 


need not ineiude S11 of the above requirements, hut many 


ere intrinsically required of any propellant used in UNS 6 
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Specifie requireuents for 4 liquid will have to be 
set up when more is known of the high pressure behavior of 
liguia propellants. The viscosity limits wast be eet, for 


instance. 


Section I 


| Solid gun propellants have been in use for 

over 100 years during which time very little thought has 
been given to the possibile use of ldeuids as propellants, 
The reason for steying with the solids is that they have 
been perfected to a high degree and have proved entirely 
satisfactory tn the applications in which they were needed 
and used, In fact, the emphasis in gunnery development in 
the past 20 yeats has been on bringing the performance of 
fire-control equipment up to the atandards of gun perfor 
mance. It is ay belief thut the emphasis should now be 
wine’ te the performance of the gun itself, and that in- 
provenents are needed for the following reasons: 

i. Muzzle velocities are too low, : 

2. Gan life is too short 

ce piorace problems limit the firing capaoity. 

4, Too many men are needed to handle the ammunition, 
hence for any given size of ship or tank, the number of 


rabtat firing is definitely limited by the inability of the 
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veseel to carry sufficient sanpower to keep more guns 
firing simultaneously. | | ae 

It is nosaible that the oonsideration of liquid pro-~ 
pellante. may indicate hor to renave most, if not ail, of 
these major linitations on gun performance. The natere 
of these problems ust be analyzed and then the selences 
mast be called upon to study the clearly defined components, 
Specifically cheaistry, physics, and engineering desten 
¢lements aust be sorted out, then basic research must be 
tad tiated in theee fields. | | | 

The research in chentatry should ate at development of 
diguid propellants withs 
1. Low adiabatic flane tenperature: ‘to give Lease eum 
erosion. | Gale a | Telaimene’ 

fe Pee ae of low molecular weight in ore 
der to give better gun effietency at super-velocity. 

3. Suitable stability when subjected to high pressure 
and shock. te ee anes" 

4. Suitable viscosity. 


fhe phygics problems are related to interior halideeien: 
Begearoh in physies should ain at develonment oft , 

1. Metheds of controlling burning rates. 

Se Methods of injection er other suitable seans for 


‘getting the propellant into the gun. 
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3. Methods of computing the pressure, voluze dis- | 
placement, and power required to deliver the propellant 
to. the gun at the correct rate, : 

ns re “Methods of computing velocityadisplacesent: re- | 
letions. — 


Finally, satisfactory engineering sestens must be 
developed fer the gun-propellant systan sonsidering prace 
tical requirements oft 

oe Serviesability, | 
“2. bafety features. 
- 3° Fhexsbaaity. 
Ae wanted nyeg ie Haepet $f bs crabcbinec! acpi oe 


It ie sivthent that the results of these studies must 
be closely eowordinsa ted by & group familiar with the future 
tactical requirenents of the gun. 


Part It. Problems Connested with Licuid Prepellents. 


Section Il. — 


Liquid propellants may be classified 


by their ‘number or components, for inetanee one anc tro 


component propellants are termed mono=-propellants and ble 
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propellants. An advantage of the bi-~propellant is thet 
two relatively stable compounds can be handled and stored. 


separately with safety, each being non-explosive until 


@ixed with the other. This feature, however, may be a 
disadvantage in those appiioations where unintentional 

, Mixing through container damage may occur a@ on beard ships 
= ying in tants. Another digadvantace of the bi-propellant is 
the relatively long time recuired for mixing which way make 
the overall reaction tine excessive. Still another ake | 
pected disadvantage of the pipropellant is further come 
plicated of injection wachinery. The advantage of the 3 
mono=propellant is that it can be handled quickly and timely, 
however, cost mono-propellants heve the disadvantage of | 
relatively low shock and temperature stabliity. Neverthe- 
legs, at the nregent, the mono=propellant aneesrs te be 
the better choice for investigation. | 

| application of liquid propellants has been largely 

restricted to rockets and jet-propelled aireraft and 
missiles where the pressures encountered are but a fraction 
of those to be expected in guns or even cataniitte. A typieni 
Liquid propellant rocket chamber pressure ta 390 PeSeles 
This pressure factor of more than 100 elisinates the direct 
appiication of many known liquid propellants in;-funs be- 
cause of their ease of detonation st high preseure. fome 


of the results ef researeh in liquid propellants fer rockets 
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could be utilised te obtain properties needed for the 
study of gun application. AS an example, the eharace 
teristic chamber length, Lr, which is. deterningd for | 
propellants used in rockets, is related to the reaction 
rate which must be determined for propellants used in guns. 


2 


Section Il 2. Specific Cheracteristias Applied to Le 


In what way the physical qualities of 
the propellant enter the gun performance may be seen by 
studying interior ballistics, In 1926, ‘Crang, one of 
Germany's leaiing ballistictans, said of this subject, 
"It would be an ideal situation if, once the gun, the prow 
jectile, the weight of powder charge, and the physical 
and chemical properties of the powder are known, we eould 
determine by a purely theoretical arocedure the tine 
variation of the gas pressure in the barrel, and the gas 
tomperature, However, in consequence of the great come 
plexity of the oyoblen and the lact of empirical grewund 
work, we shall find interior ballistics eo far from this 
ideal that it may be said to be still in the rudimentary 
atages of its development.* Although there have been 


| eeeemeenaninapaisin SiN NSERC Ae 


' crang's Textbook of Ballistics, Vol. If Part 1 
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iuprovenents during the past 20 years, the subject is 
‘gtlll filled vith semi-empirical formules. Since no 
empirical data are available as yot for the hehavior of 
liquid. propellents in guns, it is my plan to modify the 
- gimplest satisfactory solid eropellent ballistic treatment 
insofar as it, seems permissible, indicating all assumptions ee 
_— ohiat is lacking by such procedure. In vite wanner the: 
 Iaportance of some qualities of propellants can be clearly 


(with modificstions) | 


The Freneh ballistioian, Le Duc, originally derived 
@ set of seul-onpirical interior ballistic formulas from 
experiments for osloulating recoil pressures. These for~ 
aulas were later modified for American powders and adopted 
ae standard for U.5. Nave} Proving Ground interior bal- 
listic problems. the following derivation is condensed 
from the treatment given in Nava) Ordnance 1939, and modifi« 
cation of coefficients and constants will be made for 90% 


hydrogen peroxide ag the vropellent. fydregen peroxide is 
chosen because it hes been widely investigated and if une 
classified. It was suecessfully used by the Germans in 

the catapult launcher for the V-l buzz bomb, Thie launcher 
operated with a chamber presaure of about #00 p.s.i,. behind 
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& piston in a ®"eernon®, 11.S<dnahes inside diameter and 
160 feet long. na 

The physical charsoteristics of 908 nreroger( per- 
oxide which interests us here are’ : | 

l. Heat of decomposition of apsroximetely 1100 ‘BYU/1b. 

Ze Adiabatic flame teuwperature of ‘approximately | 
1570°F at 10,000 prdeler es 

3. Specific gravity of 1,30 at 64°F, 

4. Viscosity 9.0139 poises at 64°F, 

5. Critical temperature 858°F, 


6, Hon-detonating when uncontaminated, 


Now Let us proceed with the derivation of Le Ducts 
‘formulas modified for 90% H,0,. A relationship between 
velocity and travel of the projectile fn the bore is ase . 
sumed from the results of experiments for calculating 
recoil pressures, This approximate relationship is thece 
retically true for slow degressive powdera only’. however, | 
because of its simplicity it has been used in gun-design 
‘work for many years, giving fairiy good approximations 

of pressure and mugzle velocity under many conditions. 

In: the ease of the 16 inch 45-caliber gun, the powder 


¢cherge and the maximum pressure, computed before the gun 


y = Techappat 
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was built, were on actual firing found to be very nearly 
; | 


exact. 


The assuned relationship between velocity and pro- 


jJectile travel is given by the equation 


, b+x | (b/x) +1. 
where vy ® velocity, ft. per second, 


x # projectile travel in the bore, feet, 


a,b = constants. 


Letting x become infinite, v* a, From this is is seen 
that a is the velocity that the projectile would have if 
all the available energy of the propellant charge were 


‘eonverted into projectile velocity in the gun. The total 


work done by the gases would equal the kinetic energy of 


the projectile. 


For kinetie energy we have 


12.49 


z 
KE. * Wa. foot pounds 
+3 


where w * weight of projectile, pounds, 


g 2 eonversion factor, 32.2 ft/sec*, 


1939 page $0. 
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Assuming adiabatic expansion of an ideal gas, 


pv" oa constant = k 

where 

| > = pressure, lbs/in'. 

¥ = volume, in.? 

n * ratio of specific heats, 


The work done in expanding the gas from v, to ss is 


, 4 V> | 
a. pave ew ke fl ay 
J . ae 


Se ee ae dais | 
y we Lm y,""' 


and when ¥, is infinite 


8 Ee A 
nv? yet 
Let & equal the work dene by 1 pound of gas in expanding 
: : ae 
from Vy which it occupies at wnitedensity te infinity. 
Here Vy is 27.68 eubie inches (1.0,., the volume of 1 


pound of water). 


‘ 
Hote ‘that unitedeneity is defined to make density 
ager lewd equal. to sapecifiec gravity 
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Substituting we get 


re ied 
a (27.68)5-* 


But if the expansion is from a density 4 instead of unite 
density, then | 2 


¥, * 27.682 , and the work will be 


Te]. (27, 68)9~! , 


his is the work per pound of gas. For a charge of ¥. 
pounds of propellant the total work is W or BRA oy 


whith must equal the energy of the projectile, or 


giving a oa 2ek (w/w) A n-4 


a © 268 (w/e)'/2 A ™5* 


The available energy per pound of 90% HQ. if ap- 
proximstely 1100 BTU « 255,300 foot pounds ) 
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Rance, 


V¥ 2¢8 = 7440 


But owing to Losses through heating the gun, foreing aie~ 
sures to start the shell, friction, etc., we can use only 
708 ' of this value or $230. The exponent n is Cy/Cy, the 
ratio of specific heat of the gases at constant sressure 
‘ *9 thet at eonstent volume, which is hiniaba teen dependent. 
However, an average value of 1,24 18 assumed as constant 
for the working temmereture range. Then we get as an ex= 


pression for the value of the constant By 


a = $230 (w/w) t/2 A (eta) 


How we evaluate the constant b of the velocity equa- 
tion. First 1t will be noted that b must have the dimnen+ 
sions of distance and it will be shom that b is related 
to the value of as projectile travel, at the voint of 
maximum pressure. 

Writing the velocity euuation es 


by *+ xv @ ak 


" at the Naval Proving Crouwnd “ue found that for a cere 
tain nitrocellulose powder 1 2g8 = 9706. In order to make 
caleulated values agree with firing results a value of 
6823 was chosen, instead of 9706, the computed value of 

| gE for the certain powder, The ratio 6823/9706 was 

eed to obtain 70%, | 


* Extrapolated from data in pamphlet entitled § 


= 2 
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and differentiating with respect to time we get 
(bex) M4 3 (ev) oe 
substituting v from (1) we get. 


a © ah, ok Y ab 


dts (bex)”— sat ti(‘«‘ we)? 
or coe o 
3) S29 08 « Oe ae = a*bx 
ae (bex)* (+x) (b+x)? 


This is the expression for acceleration, It 1s assumed 


19. 


that the acceleration of the projectile follows the pres 


sure curve. In other words, the maximum pressure occurs 


when the rate of change of the acceleration is zero. This 


is expressed by 
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Since the factors a » (b+x) , and ab must be finite, 


ce be ee 8 Oy or ob fe) 


showing that bis twice the travel ‘of the projectil o i 
the point maximua precsure. | 
Wow let us analyse what factors determine the point 
of maximus preseure in the gun. For solid propellants a : 
powder constant, By ts determined for every let of rows 
der which designates the relative "quictness® of the pow 
der. The value of 8 denenis on the web thickness, the fe 
grain shape and sive, percentage of volatiles remaining, 
ete... It ts actually an andex of the rate of burning 
under specific conditions. For slower burning powders 
the value or Bis larger. The point of caed mun rressure 
_ for solid propellants is also dependent on the amount of... 
 anittal air space around the ¢harge, occurring sooner for 
a small air space. It is a function of the weight of the 


3 cu ee .: 7 
projectile, too. An oupirical expression — for b is 
: | Cee ss 
b # PK + oe carn)! 


where 
8 * power constant 
A = density of lowding 


1939 page $4 
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6 = 
aes 


Zle 


epecifie gravity of nowder 


chamber volume 


weight of profectile 


For the liquid propellant the tetermination of the 


burning rate will require etudy with varions saraneters 


#uch as mixing methods, atomization, injection rate, ote. 


y This is a field for basic research. For the moment we. 5 ay 


ghell aseume that this work hae been done and thet by one 


method or another 6 value of ¥. for the point of nexdoum | 


pressure can be obtained for the eolld propellant, This 


would reregit us to use our gun barrels of present designs 


Hence the treatuent here will aveume a suiteble velue for 


It is now possible to write & general expression for 


the pressure at any point in terms of the Velocity cone 
etante. ‘Starting with : | 
Pressure * F * go = wo 

| ae Ra 


where 


ec se £¢£ > S&S 


ok A 


force acting on baee of srofectile, lbs. 
area of basa of shell, in. 

welcht of shell, lbs. 

conversion factor, 327.2 ft/ser” 


| | a 
acesleration, ft/see 
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then 


P = w a*bs 
Alben)? 


This expression, however, aesumes that Che: precsuee hous 
only useful work. To eorract for non-useful work the Naval 
Proving Grownd found thet eultiplying the theoretical “Tes 
sure by 1.12 gave good agreement with gauge DreSeures, 7 

. fence for max ian pressure 


Paax, © 112 P max, 
guage ‘ 


and ‘substituting x = b/2 we get. 


5) Panx. © abavab. © wa = lbs/in™ 
i guage 29(3b/2)? bgab | 


There is still one factor ts easatne more closely, 


ae eeeeiy the density of loading, Ais in the formula for deter- 


3 aining a. Thie term, density of loading, must be inter- 
~ preted for our Liquid propeliant. For the aelid sropellant 
A ie the ratio of the wed ght of the powder charge to the 


- weight of a volume of water, at stonderd conditions, suf-— 


.. ftelent te f111 the volume 8, of the powder chamber, ” xe 
pressing 8 in cubic inches, thie weight of water is - ad 
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and if Ww is the wetght af the charge in pounds, then 


A = 27.68% 
& 


| and a ® 5230 (ny '/ : (or. csv/os"* 


This formula assumes thet the total charge w is in 
the chamber when the burning takes place. Then A is the 
density that the charce would have if it entirely filled 
the powder chamber, which it would do if it were entirely 
converted to gates, Hence, A is & parameter related to 
the density of the gas under decomposition conditions of 
high temperature an? pressure. For our liquid propellant 
this will be a function of the rate of injection and rate 
‘of burning, | | 
: Now it is assumed thet the rate of injection can be 
correlated with the burning rate to give « value of A for as 
the Liguic | comparalie te that of the golic nepped Lan8: 
Certainly more convenient narameters involving rate of 


injection could be set up, but with the above asapgrtion 
we ean compute a value of a to match a particular pra 


sropellant ‘eyaetem. 
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Equations: 
ee ee 
)ov . 
2) a = $230 G/=y'/* Noten 


3) @ ay = ae, 


4) b - (chosen to mateh gun) 


5) Pax * “a. 
| 6gAb 


. 6) P # 1.12 w a bx 
aC bee)? 


v © velocity, ft/sec. 
a,> = constants 
@ travel of projectile in bore, feet 
® pressure, Lbs/in’ | 
= chamber volume, tant 
area of base of projectile (piston) in’ 
« weight of ppopelient charge, ibs. 


4 @4i. = = 
ti 


@ weight of projectile (gross nase to be ace 


eelerated), lbs. 
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= density of loading, ratio 
conversion factor, 32.2 ft/sec" 


a 
= acceleration of projectile, ft/see 


*¢* e@& a hb 
5 


= time, seconds 


Section II 3, Application of Formulas in 


Thus far no specific gun has been intro- 
duced, In order te illustrate how the propellant charac- 
teristice affect the gun performance, we ¢hail apply the 
ballistic formulas just derived for 90% hydrogen peroxide 
to three sets of specifications for guns (er catapults) 
with widely different parameters. The guns chosen are 
either unclassified or hypothetical an@ will serve only 
to give definite date with whieh to work. 


Gross weight to be accelerated 25,900 ide, 


End Speed “4 | 522 knots 

aximum pressure ae : 6000~10,009 poBele 
cylinder diameter 14 in, 

dgxisnim acceleration | 50 ¢. 

Length | i ae as necessary 
Propellant 90S 8,0, 

Weight of charge | as necessary 
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From our foraulas we can find an expression for ¥, the 


weight of charge. ‘The maximum acceleration is to he 50 gs 


or 1610 ft/sec. 


which will oceur at x « b/2. 


then substituting in equation 3) 


1610 «= abd 2 
BC b+b/2)? 


and substituting equation 2) for a, we gat 


1610 = 4 (5230)7% ae 


27b 25,000 


ai 
a 


or 


5 


hs O20)" 


gi 


* 19 b/)" as 


Also from equation $) 


ea 


D tx 


P = wa* = #(5230)* ¥/s re 


égAb 


6gAb 


= (5230)° # 4°74 x10 = (5230)? x 10 
Sgn Ww A er: 


@ $200 p.a.4. (this is within specifications) 
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We still have to determine a suitable powder charge and 
length of gun. Using end velocity an given, 


Ve = 522 knots = $22 * 19 ft/sec. 


s #709 ft/sec. 
ani setting 1t in the velocity equation, 1) 


RTO ol a x | © t/a py ot2 


(btx) (vex) 


a oe 


iow assuming b= 100 ft, making ¥ = a “* gives 
4 


soan(1o00/ a*?4) a/a arte 
abe + en) (25,000) 172 


870 = $230(1000/25000)'/* x 
(100+x) 


or (100¢x) «@ §230 =x = 1.2% 
870 x § 


then .2x = 100, or x= $00 ft. 


The weight of charge is still expressed in terms of 4. 
If we aesume A = 2,2 then 


‘ Density of loading for solid propellants varies between 
o& and .7? for Naval guns. ‘Whether euch high densities 
of loading could be realized for eB se le not known 


tor GPF Ser oP SG, Fhe, values a gees A. are chosen to show 
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Ww 3.909 * 1000 = 1470 lhe. (approximately 


eg 16.5 cu.ft. or 
fa). 7 + é# Be 139 gallons) 


fowever, if A «= .3. 


w @ 270 lbs. 


This shows the algnificance of the "density of loading™ in 
determining the propellant charge. In what manner the in- 
Jection rate is related to this solid propellant parameter 
ie an important phase to be studied. 

| one more calculation will be made in orter to esti- 

: mate the time scale for injection. | How long will the 
"projectile be in the gun after it starts its travel? fx- 


pressing equation vy) as 


ee a en b/x +i 


a “and ca tner ating over the Hehonee traveled, 390 feet, 


| le 
1/a ‘if (o/s + “Dax = ¢ 


ifs. [bin et xj]? = % 


gives 
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Evalueting a, for A @ .3 
a = 5230 (1270/25,000)'/* 3°!" 


= §230 m .225 x .865 = 1020 
Therefore 


t, * 12300 = 1.1 seconds 
1020 


Note that x was evaluated from 1. te $00 feet since the Le 
Due formula obviously does not describe the velocity in- 
itially., ‘This can be seen by setting x= 6 in the 


acceleration equation 3) 


a = ab 
3 


giving 


‘e. 8.9% 


Since the pressure is proportional to the acceleration, this 
indicates that the simsle Le bwe formula doe# not give the 
correct initial pressure (whon x = 0). On the time seale 
the pressure and velocity curves do not have the same origin, 
Therefore, the tine, %t, , computed is a rough approxi- 
uation giving us only the correct order of augnitude. - 

Yow let us look at another set of apecifications. 
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Orese weight to bea aceelerated 25,000 Lhe. 


Bnd speed 104 nots 
Accelerated run | 150 feet 
Waximum agceleration 3o3 Be 

¥axdaam pressure 2000=-4000 DeBels 
Cylinder dianeter 7 | 


Maxigun acceleration is to he 

368 & = 345 x 32.2 = 112 ft/sec” | 
which will oceur at x * b/2, From the secelerstion equa- 
tion 3) | | | 


112 = 4a = 4(5230)'w 4*** 


27> sb x 25,000 


or | w 2 


4 x (5230)? Ase 
¥ = 69 b 
Ae 


Alae weing equetion 5) 


P= wa® a #f (5230)" @ ,°** 


égab SeAb ¥ 


2 ($230) 2&9 * 2990 petel. 


$e 12.2571 
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The maximum pressure ip within specifications, so we preesed. 


Ye = 104 knots = 104 x 19 = 173 ft/sec, 


and x, is given as 160 ft. 
From the velocity equation 1) 


173 = a x 159 = 
b + 150 
or 
(b+ 150) = 


Hy x 158 


@ 28.7 aot? wif? 
but from the acceleration caloulation 


w/*ast® 2 (,6op)1/* 


b+ 150 = 29,7 (,60n)'/4, 


This equation has no real solution for bh, Why is this 
true? Returning to the apecifiaations, if the med wom 
pressure were held constant throughout the firing, we 


would have a constant acceleration (theoretical) of 
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© 1.655¢ = 50 ft/sec, 


| However, te attain a Valuabis of 173 ft/sec within 
150 ft. would require a constant. aceeleretion computed 


as follows: 


Vv @ «at, t 2 y 

‘A 
and 

| a a 

ee 

| aye 2 3 
or 


a * (173)" = 100 ft/sec” 


ve conclude that (tha specifications are ineonsistent. 
They aust allow higher: pressure, @ lerger oylinder, Or & 
longer travel in order to attain the desired end velocity, 
These specifications were included to indlesate that tome 
plications may arise before the ballistics are even ap- 
plied. These specifications were gndeubtediy laid down 
for an atroraft catapult where saxiqum acceleration aust 
be low and length of run short. the ecorreoted specifi- 


cations would undoubtedly sterrishalan larger cylinder dlameter. 
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However, this would not remove tie aittseutty indicated 
| when ve could net get a solution for b. The enectfivetions — 
clearly require that en average necolerdéion very close 

to the seximua allowable must be used in order to sceuire 
the end velocity within the specified distance. This means 
that. the pressure must be held very close to the msxiaus 
also, The Le tue formlas are not applicable to conditions 
of this sort. The equation relating veloeity ond tige 


placement under these conditions is 


i/e 


vy = EX 
where 


« = /2eP A = {2g (p/w) "7? * ¢onstant 
ee Lue ci | 


Here W, the total weight accelerated, is the weight of — 
the projectile plus the effective weight of the powder | 
pases. The powder gases are increasing henee the preseure 
must inerease in order to Keep the ratio of weitere te 
total weighh constant, Thes the mecimum pressure will 
‘pecur when the profectiie is at the muzzle of the gun (or 
catepant), This is not the condition desired in high | 
pressure guns since no expansion work is dene and the gun 


would be very inefficient. — 
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Now we will look at the Speocifteations of an oute 
dated Naval gun and try our Le Due ballistic formulas with 
thes. 


Specifications ¢ | 
Length of travel | 241 inches 
Muscle velocity 2500 ft/sec 
Diameter of bore 6 inches 
Weight of projectile 130 lbs. 
Maximum Pressure 18.5 tons/in’ » 


The solid propellant charge wes 37 pounds, What 
weight of 90% 8,0, will be recuired? 
Equation 1) : | | 
vo? ax * @ 20 * 2500 
bex b + 20 
then 20a «= 2500 (b * 20) 
a @ 125d + 2500 
Also equation 6) 
Paax * 41,500 = 2308 00 
6 x 32.2 x 9 b 
‘ : 


or De aw 
1.74 x 10° 


') Long tons are used for Naval ordnance pressure measure- — 
ments, 2240 lbse/ton. 
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Bolving the two equations in a and b for a, gives 
ke é 
a’ hcg e108 + 94 10. * 0 


oy 
and a © .32 x 19 


Also Des foe , 
a = 5230 (#/130)'/* a*'*® « 32% 104 
: oop v/a 
or (#/130) °° = (,32 x 10%) es 


5230 & 


then W = 130x.36x2 ., 
) A* 


= 47 


| are 
24 eee Ie | 
wo @ £7 w LAT = «69 pounds 
iw Aa yh; oh | e 
woe 47 *¥ 1.34 = 63 pounds 
ate | 

if As eT, ie . 

w = AF x 1.09 * 51 pounce 


shese ealoulations indicate that about twice the 
weight of propellant would be required weing #,0,. ine 


35. 


stead af the smokeless nowder charge, The relative rere 


formance is probably not af low as calenlated here beeanse 


the expirical percentage figure for smokeless sowcler was 


need to convert the avetlable energy of the H,O, to useful 


¥ Bee note page 24. 
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energy and the same procedure was used te convert the 
theoretical pressure to guege pressure for Hz9g. However, 
@ more correct comparifnon can not be made since empirical 


date for the liquid propellant are non-existent. 


Part IIzZ 


‘There ie basically no reason ¥hy a gun 
propellant should be either Lignia or solid. folld proe 
pellants have been develoned to a high degree of perfec- 
tion because they offer a convenient way of controlling 
the rate of gas evolution through grain destie¢n,. 

Although the Bolié vropellants are satisfactory for 
many gunnery applications they impose definite restric. 
tions on ammunition handling and gun performance. The | 
edvantages to be looked for by using the liquid pro- 
pellants are | : 

ls Better gun efficiency at tuper velocities and 
less erosion. | 

ie Fewer men recuired te operate a battery. 
Ja - Greater adaptability through the possibility of 


varying injection rate and amount. 
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‘The ‘natin aieadvantage forseen is one of weaneyae: 
more complicated mechanics] devices. : 

It is difficult to evaluate the performance of the 
liquid propellant until & large amount of basic research 
has been performed. This basic research must be done in 
chentstry, physics, and engineering design. 
GO) tactteal requiresentes must be kept in mind as 
lth research goes forward in order ta aia the coordinated 
efforts of research groups in the: desired, practicnd 


adrection, 
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